, with established diagnosis of gallbladder carcinoma. The diagnosis was made either histopathologically following simple laparoscopic cholecystectomy or biopsy from metastatic liver lesion in patients with gallbladder mass, or the high suspicion of gallbladder carcinoma based on incidental radiological findings. Presentation, disease stage, histology, and treatment modalities were analyzed using descriptive statistics and frequency distributions. Survival rates were analyzed and presented using Kaplan-Meier curves.
Introduction
Based on autopsy studies, gallbladder cancer (GBC) 1 is highly common among the biliary tract cancers, accounting for about 80.0%-90.0% of the biliary tract cancers globally, and is the third most common among the gastrointestinal cancers [1, 2] , with high prevalence in South America and South-east Asia [1] . However, there is significant regional and ethnic variability in the prevalence of GBC, with much lower prevalence in Europe and India [2] . In the Middle East, GBC is a rare neoplasm. It does not rank among the top 10 cancers in the Kingdom of Saudi Arabia (KSA), according to the Saudi Cancer Registry [3] . The silent nature of GBC makes it difficult to diagnose. Besides, most symptoms (including abdominal pain, fever, nausea, and jaundice) can be attributed to other more common conditions, such as hepatitis, stones of the biliary tract, and pancreatitis [4] . GBC typically has a very poor prognosis with a 5-year survival rate of 29.0% for stage II and less than 2.0% for stage IVB [5] . The low survival rate is usually because of late presentation in most patients, with close to 37.0% of patients presenting with advanced stage disease (IVB) due to unspecific early symptoms [6] .
The regional and ethnic variability in GBC prevalence in Saudi T Arabia is a potential cause for the continuing dearth in literature in this topic. Further, national and regional data on GBC in Saudi Arabia have not been analyzed. Even though it is not among the more prevalent cancer types, the difficulty in diagnosing GBC presents the need to understand this disease in the context of the Saudi population. Being a referral hospital, patients either diagnosed or suspected to have GBC are referred to our hospital for highly advanced treatment. The purpose of this study was to describe the characteristics of GBC in Saudi patients at a single institution and provide insight into their clinical profile, disease stage, histology, and survival rates.
Materials and methods

Patients
Data on gallbladder carcinoma patients, treated at our hospital between January 1, 2010 and December 31, 2017 were obtained from the institution's database. Data on patient characteristics including age, presence of gallstones, diabetes, and hypertension were collected. Stage at diagnosis and other cancer characteristics were also included. The 7th edition of the American Joint Committee on cancer (AJCC) staging system was used for clinical and/or surgical (pathological) staging. In patients with incidental gallbladder carcinoma, pTNM values were based on the first pathological report. Patient treatment strategies were decided by a team of medical specialists and included surgical removal, chemotherapy, or palliative care if other options were not feasible. The study was approved by the Institutional Review Board of our hospital. We report the results of this analysis in accordance with the STROCCS reporting statements [7] .
Study design
Closed cohort and case study designs were employed. The occurrence of death among the same group of patients at various points of time over the 7-year study interval was reviewed, and the end point occurrence was correlated with patients' demographic characteristics, co-morbidities, operative procedures, and related factors.
Statistical analysis
Univariate frequency tables and charts were used alongside crosstabulations to understand the presentations of various cancer-related symptoms and outcomes as well as the administration of various treatment modalities. Survival analysis was performed using the Kaplan-Meier method to assess overall survival rate, and determine the effectiveness of surgical treatment in survival. The log-rank Chi square test was used to compare relative survival rates between patients who underwent a resection and those who did not undergo any procedure. The survival rate was defined as the percentage of patients still alive at the end of the study period of 5-year after censoring had been accounted for.
Results
Patient characteristics
A total of 76 patients with GBC were included in the study. The average age at presentation and diagnosis was 62.4 years (range 38-82 years). The disease was most prevalent at 55 years of age and the most patients with GBC were 66-70 years old (Table 1) . Further, most patients with GBC were female (n = 47, 62.0%). Only three patients (3.9%) were diagnosed at our hospital, all being incidental cases. The remainder of cases were referrals from other hospitals either upon suspicion of GBC (n = 44, 57.9%) or were incidental cases sent for further investigation and management (n = 29, 38.2%) ( 
Clinicopathologic findings
The chief complaint by most patients (n = 64, 84.0%) was right upper quadrant pain. Only 3.0% of patients reported both right upper quadrant and epigastric pain as their first symptom. The primary clinical diagnosis was biliary colic in 43.4% of patients followed by acute cholecystitis (31.6%). 51.3% (n = 39) of the patients presented with jaundice. Gallstones were present in 75.0% (n = 57) patients of which 57.9% had multiple small gallstones less than 1.0 cm in size (57.9%) ( Table 2) .
On imaging, 50.0% of the incidental cases were of metastatic gallbladder cancer. However, 36.8% of patients showed no pre-op incidental findings except gallstones. Table 2 gives a complete list of imaging findings in patients enrolled in this study.
The tumor was considered inoperable in 42.1% (n = 32) of patients since metastatic gallbladder cancer was found incidentally on imaging; hence, no definite diagnosis was reached. GBC was confirmed by frozen biopsy in 11.8% of patients intraoperatively, while 9.2% of patients had metastatic GBC. Table 2 shows the complete list of final diagnoses for the 76 enrolled patients. Lymphadenectomy during surgery was performed in only 24 patients. Bile duct excision and port site excision were not performed in most patients either due to unresectable metastatic disease, the presence of gallbladder mass or incidental finding of GBC after laparoscopic cholecystectomy with evidence of metastatic disease ( Table 2) .
The cancer was pathologically diagnosed in only 39.0% of patients. In the other 61.0%, clinical staging was employed due to unresectability. Overall most patients were classified as stage IVB, based on the AJCC staging system for gallbladder carcinoma (Table 2) . Only 3.9% of the patients were diagnosed at stage I of the disease. Adenocarcinoma not otherwise specified (NOS) was the most common histopathology type (75.0%) followed by papillary adenocarcinoma (9.2%) and mucinous adenocarcinoma (3.9%). Carcinosarcoma was the pathological diagnosis in 3.9% of the patients.
As presented in detail in Table 2 , 10.5% of the patients suffered recurrence of the cancer after surgical resection with disease-free margin. Fifty percent of the recurrent cases were diagnosed as stage II disease, while the remaining 50.0% as stage IVB cancer. No recurrence was reported in 18.4% of patients, while 71.1% of patients were either diagnosed with unresectable tumor or became censored. 
Survival rates
A total of 64 out of the original 76 patients (84.2%) patients were followed up in the study till the end while the rest were censored; hence, survival analysis was only performed on 64 patients. The survival probability at 3 months was 79.4%. The percentage of patients remaining alive 1.0 year after admission to the hospital was 42.9%. About 71% of deaths occurred within 2 years (Table 3 ). The overall median survival time for at-risk patients was estimated to be 1.0 year (Fig. 1) . Estimated median survival time was 13.0 months in women and 10.0 months in men (Fig. 2) . There was no statistically significant difference in survival rates for men and women, (χ 2 (1) = 1.86, p = 0.17). The estimated median survival time for Stage IVB patients was 7.0 months. The median survival times for patients in stages I, II, and IIIB were indeterminable because of either censoring of patients within each stage or the survival rate being less than 50.0% by the end of the study period (Fig. 3) .
The 5-year survival probability in the enrolled patients was 20.5% (95% CI: 9.2%-34.9%). Survival rate was significantly higher in patients undergoing surgical resection (58.9% CI: 35.2%-76.5%, n = 25) (χ 2 (1) = 21.6, p < 0.00) than in those for whom resection was not attempted (0.0%, n = 39) (Fig. 4) . Overall, the outcome for all study patients enrolled in our study was poor with 57.9% of the cases classified as fatal upon diagnosis. 26.3% of the total enrolled patients either survived beyond the study period or were lost to follow up for various reasons and 15.8% (n = 12) did not attend follow-ups from the onset leading to their exclusion from survival analysis (Table 3 ). This explains why the initial number at risk in the K-M survival curves was 64 as opposed to 76.
Overall, recurrence was observed in 10.5% of the patients after surgical resection with disease-free margin, of which 50.0% were diagnosed with stage II disease and the rest with stage IVB. No recurrence was reported in 18.4% of patients, while 71.0% (n = 54) of patients were diagnosed with unresectable tumor or were lost on follow-up (Table 2 ).
Discussion
This study sought to determine the incidence rate and survival rates associated with GBC at our institution between 2010 and 2017. GBC was more prevalent in women with a median age of 61 years. The high incidence of GBC in women and the median age for prevalence found in 35 (2018) 117-123 this study are consistent with the findings of Kumar and Choudhary [8] in India and Butte et al. [9] in USA, Japan, and Chile. Similarly, Dorobisz [10] reported that 75.0% of GBC patients were female and in their mid-60s [11] [12] [13] [14] . GBC is an aggressive disease with high mortality rate [1] . The incidence of the disease differs greatly based on heritable genetic traits and the level of environmental exposure to risk factors [2, 14] . The disease is mainly asymptomatic until it reaches an advanced phase. In symptomatic patients, symptoms are often non-specific [2, 15, 16] . The same was observed in the cases enrolled in our study, with non-specific right upper quadrant pain being the most noted complaint in this cohort. Besides, diagnosis is also challenging [12] leading to a high chance for spread and later recurrence. In our study, most patients were diagnosed with GBC stage IVB. Indeed, about 10.5% of the patients in this study experienced a recurrence of the disease following a successful surgical resection.
Carcinomas are the most common malignancies of the gallbladder. Adenocarcinomas are reported in 90.0% of GBC cases [13] . We also observed that adenocarcinoma NOS was present in 75.0% of the patients in this cohort, followed by papillary adenocarcinoma and mucinous adenocarcinoma.
Incidental detection of GBC can occur in up to 70.0% of cases [12] . Such finding might occur during surgical treatment of the patient for suspicion of other gallbladder diseases [2] . In the present study, about 43.0% of the cases were diagnosed as incidental cases of gallbladder carcinoma, with the primary clinical diagnosis in over 40.0% being biliary colic followed by acute cholecystitis. Fortunately, the introduction of laparoscopic surgeries has improved the frequency of performing surgical removal of the gallbladder and increasing the rate of diagnosis for GBC [17] [18] [19] [20] .
Advanced disease is reportedly followed by low survival rate [21] , and most GBC cases do not survive more than 6 months after diagnosis Fig. 1 . Overall survival rate in 76 patients with gallbladder cancer enrolled in this study. Fig. 2 . Survival rate in men and women with gallbladder cancer enrolled in this study.
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[22], with only 5.0% of patients surviving 5 years [23] . In this study, most patients presented with fatal disease and all patients with stage IVB disease died within 1 year of diagnosis. Furthermore, in previous reports, the disease stages in 55.0% of study participants were reported to be classified as stages IA and IB upon diagnosis of GBC [24] , while only 3.9% of the patients enrolled in this study were classified as having stage I disease. Gallstones are considered risk factors for GBC. Indeed, studies have demonstrated that 85% of individuals with GBC had a positive history for gallstones [2, 25, 26] , which is close to the 75% incidence of gallstones in our cohort.
There is reportedly a low probability that patients with gallstones will end with GBC, with only 31.6% of patients with a history of cholelithiasis having experienced GBC. Hence, ethnic predilections for the illness should be considered [25] [26] [27] . The size of the gallstones might also play a role in determining the frequency at which GBC develops.
Reportedly, people with stones that are bigger than 3 cm in diameter are up to ten times more likely to suffer from GBC compared with patients who have smaller stones [26, 28] . In the current study, 57.9% had several small stones less than 1.0 cm in size, which is contradictory to previous findings. Since, the type gallstones often matter in the development of GBC, with cholesterol gallstones being more common in GBC patients, the discrepancy observed in this study might be due to a major difference in the type of gallstone in the Saudi population.
Previous studies showed that obesity is a predisposition for the development of GBC [29] . The likelihood of developing the disease increases by 1.1 for men and 1.6 for women with every 5-point rise in BMI [30, 31] . It is known that metabolic syndrome exacerbates serious co-morbidities, such as diabetes, in people with a BMI of > 30 kg/m 2 , and diabetes is a strong risk factor for the formation of gallstones [32] . In this study, about 32% of cases had a BMI between 31.0 and 40.0 kg/ m 2 . Whether the link between obesity and diabetes mellitus is strong 
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Annals of Medicine and Surgery 35 (2018) [117] [118] [119] [120] [121] [122] [123] enough to lead to GBC is not well understood and it may be hypothesized that obesity results in a compromised endocrine state that increases the risk GBS. Hence, with the variability in the geographical and ethnic prevalence of obesity, it is possible that the prevalence of GBC follows a similar pattern. However, evidence in this area is lacking and requires further studies. The treatment of choice in cases of advanced disease is extended radical resections, which reportedly increases survival rates [33] [34] [35] [36] [37] . Adjuvant chemoradiotherapy (CRT), though less effective than surgical resection, has been recommended in cases where surgery is not feasible [38] . However, adjuvant CRT should be included alongside surgical therapy as a means of improving survival [39] , with reportedly significant improvement in survival rate for patients with pT2-T3N0 disease. The biggest improvement was reported in patients with pT4 or pN + disease [40] . Adjuvant chemotherapy alone provided little improvement for patients with pT4 or pN + disease. However, this was significantly less than the advantages seen with adjuvant CRT [40] . Overall, surgical treatment remains the most effective treatment modality, irrespective of adjuvant CRT [41] .
Surgical resection was attempted in 40.8% of the patients in this study, with port sites excision in 17.0% and bile duct excision in approximately 26.0% of the participants. Lymphadenectomy was also performed in 31.6% of patients. It should be noted that despite employing surgical resection as the treatment of choice in this study, the survival rate for most participants was 1 year, which was similar to that reported in previous studies [42] [43] [44] [45] [46] [47] [48] .
The present study reinforces that the low prevalence of GBC in Saudi Arabia could be a manifestation of the low diagnostic rates of the condition because of its subtle and non-specific symptoms. It is important for researchers to assess risk factors associated with GBC to further the understanding of the pathogenesis of the disease, which might reveal the reason for the ethnic and geographic variances and provide clues for earlier diagnosis, improved treatment and prevention methods.
Strengths and limitations
Lower prevalence in Saudi Arabia and small sample size have often limited studies on this subject [49] . For this reason, the present study included patient data for a period of 7 years to enable as large a sample population as possible. Another strength of the study was the inclusion of multiple risk factors to GBC like diabetes, smoking, and the presence of gallstones. This allowed greater insights into the potential risk factors that might have a role in the variability in the prevalence of this disease.
One of the major limitations of the study is that it is restricted to patients from a single clinical site, which, while reducing differences in diagnostic criteria and methods, negatively affect the generalizability of the results. Larger, multi-centric studies are required to obtain a clear picture about the current prevalence of GBC in Saudi Arabia. Although we might have mentioned some of the factors that might increase the risk of GBC, we did not analyze the potential links between these factors and the prevalence of GBC, similar to a previous study [50] . Such analyses could provide possible etiological and mechanistic clues to explain the variable prevalence of the disease.
Conclusion
The present study found that the prevalence of GBC in Saudi Arabia is low, and is higher in women, with diabetes, hypertension, and presence of gallstones being the most common co-morbidities present in patients with GBC. Symptom profiles remain non-specific with right upper quadrant abdominal pain being the most common. Surgery remains the most common treatment strategy for patients with GBC. Nonetheless, associated diagnoses and survival, both before and after surgical interventions remain poor. The findings in the present study further reinforce the need for quicker and more efficient diagnostic methods for GBC and suggest that the low prevalence could be a manifestation of diagnostic challenges inherent to this condition.
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